adjuvant therapy with high-dose radiotherapy can promote local control. Failure can occur in the form of local recurrence, metastases to cerebrospinal fluid, distant sites, and regional lymph nodes. Even more increasingly rare is tumor seeding along the surgical access pathway. These sites, such as the nasal cavity and surrounding soft tissue, are often outside the treatment field of radiation and can be subject to iatrogenic tumor implantation.
We report a case of a patient with a recurrent clivo-cervical chordoma as a result of surgical pathway seeding and perform a literature review and meta-analysis of all reported cases of surgical pathway seeding of clival chordomas.
Case Report
A 47 year-old man presented with upper back pain and was found to have a very large prevertebral/retropharyngeal mass extending from the clivus to C5 with erosion of the second cervical vertebrae, displacement of the right vertebral artery, and partial encasement of the left vertebral artery consistent with a chordoma on biopsy in June 2004 (►Fig. 1).
The patient underwent a two-stage resection including a left anterior cervical approach for tumor resection and a planned tracheostomy for airway protection. A second-stage operation including occipitocervical fusion with a posterior approach and resection of a small amount of known residual tumor at the left aspect of C2-C3 neuroforamen was subsequently performed in August 2004 (►Fig. 2).
In April 2006, the patient underwent endoscopic transoral/transnasal odontoidectomy and resection of recurrent chordoma. Subsequently, the patient completed protonbeam radiotherapy between March 12, 2007 , and May 2, 2007, with a total dose of 76.0 cobalt Gy equivalents delivered in 38 fractions. He was then closely monitored with surveillance magnetic resonance imaging (MRI) at 6-month intervals.
In July 2010, the patient noted an area of nodularity subjacent to the anterior left neck incision site just anterior to the sternocleidomastoid muscle. MRI of the neck and cervical spine revealed a new nodularity anterior to the sternocleidomastoid muscle (►Fig. 3). A fine-needle aspiration was performed and revealed cytologic evidence of chordoma.
The patient subsequently underwent a wide-local excision and left selective neck dissection. Final pathology revealed recurrent chordoma in the excised neck mass but no evidence of tumor within biopsy specimen of the nasopharyngeal soft tissues performed at the same time. All margins were negative at the time of resection. The patient continues to remain neurologically stable at this time without evidence of disease on the latest imaging.
Methods
A comprehensive review of the literature on surgical seeding of clival chordoma was conducted using Medline and databases with the key words clival chordoma, surgical pathway recurrence, and surgical tumor seeding. English-language studies containing case reports and series of patients were included.
Results ►Table 1 demonstrates findings from a comprehensive literature search and compares clinical data in all reported series of surgical seeding. The overall pathway recurrence rate for clival chordoma resection based on analysis of the open nonendoscopic published case studies was 14 of 497 (2.8%). Isolated case reports were not included to determine this rate. 
Discussion
Clival chordomas can be very challenging cases even for the most experienced skull base teams. These tumors have a tendency to expand and spread into the surrounding tissue including critical neurovascular structures. The ability to resect these tumors and also deliver radiotherapy effectively and safely is limited by the visual pathways, carotid and basilar circulation, brainstem, and the cavernous sinus.
In general 1-4 these neoplasms behave aggressively and are associated with a high local recurrence rate, up to 21 to 29%, as well as the potential to metastasize. 1,2,5 Factors that can be associated with local recurrence include low postoperative radiation doses and large tumor bulk. 1 The most common site of distant metastases are the lungs (58%), lymph nodes (33%), liver (22%), bone (17%), and skeletal muscle (9%). 6 Surgical pathway recurrence has a reported incidence between 1.5% and 7.3%. Tumor seeding of clival chordomas has been described seven times in the literature to date. Recurrence has been documented in a variety of tissue beds (including skin, neck, nasal cavity, palate, sinuses, etc. Excluded in this review of the literature were series that did not explicitly report on the incidence and details of surgical seeding because this complication may have been omitted. We believe that a 3.6% seeding rate reflects an accurate incidence of this complication. In a large study of 71 chordoma patients, Sen et al reported a similar incidence of 5.6%.
7
Tumor seeding is a well-described phenomenon that occurs when the spillage of tumor cell clusters implant and grow in adjacent tissue to the original tumor. Such contamination may occur at different times: preoperative rupture (spontaneous or traumatic), biopsy (needle or open), or during surgery from the tumor (rupture of the capsule or removal of the tumor in piecemeal). The current understanding of oncologic principles dictate that a tumor consists of clones of cells with a great degree of variation in functional properties such as cell surface receptors, immunogenicity, tumorigenicity, chemosensitivity, the ability to invade local structures, and the ability to metastasize. Moreover, tumor burden does not correlate with recurrence from seeding. For a tumor cell to produce a metastasis, the cell must overcome a series of steps following its detachment from the initial tumor. It needs the ability to invade through the extracellular matrix, integrate with vascular channels and adhere to another tissue bed, avoid being destroyed by the immune system, and induce growth by encouraging neovascularization. In the context of chordoma seeding, tumor recurrence occurs as a result of direct implantation of the tumor into adjacent tissue during the transit of instruments and tissue during the surgery.
3 As demonstrated in Table 1 , each of the recurrences occurred in a local tissue bed.
In an effort to prevent surgical seeding of tumor, different techniques have been described. One group fortifies the operative tunnel after the approach is completed by covering the walls with fibrin glue and large cotton patties. 4 In addition, it is postulated that low-dose radiation or including the surgical ports into the radiation field may prevent surgical seeding from occurring. Our patient did not receive radiation treatment until several years after the transcervical approach, and radiotherapy may have prevented seeding in this case. Lastly, with the advent of advanced endoscopic techniques, utilizing suction instruments such as the Sonopet (Stryker, Kalamazoo, Michigan, United States) or MicroDebrider (Medtronic, Minneapolis, Minnesota, United States) for tumor resection may hypothetically prevent surgical seeding by limiting the exposure of tumor to adjacent sites. However, the argument could also be made that disruption of the tumor with endoscopic instrumentation and piecemeal resection of the tumor could increase the chance of pathway seeding. As the number of chordoma patients treated with an endoscopic endonasal approach continues to grow, we will be better able to compare the incidence of tumor pathway seeding. Multiple surgical approaches have been used to reach the clivus and can be divided into two main groups: extracranial (transsphenoidal, transoral, transcervical, lateral infratemporal, anterolateral, and posteroinferior) and intracranial (transfrontal, frontotemporal, lateral suboccipital, and medial suboccipital). Each set of approaches has its unique set of advantages and disadvantages. Some of the approaches are associated with significant morbidity and prolonged recovery.
Recent advances in endoscopic sinus surgery and neuroendoscopy have resulted in a new era of minimally invasive skull base surgery. These endoscopic approaches have several distinct advantages compared with traditional approaches. Use of high-resolution optics to provide superior illumination and magnification allows surgeons to have greater confidence in obtaining total or near-total resection of gross tumor. In addition, the use of angled endoscopes allows surgeons to see around structures and into corners to augment tumor resection. Other benefits that have been well documented include the decreased resection of healthy tissue, lack of facial incisions, less postoperative pain, decreased bleeding, and quicker recovery.
11-13 Endoscopic endonasal techniques facilitate tumor removal with the aid of powered suction instrumentation, in effect offering the potential to minimize the passage of the tumor specimen through the surgical cavity. Adjuvant therapy is used to augment local control in many of these patients. Our review indicates that adjuvant radiation does not always target therapy along all surgical access routes. We believe adjuvant treatment planning should include consideration of the surgical access route and account for potential risk of tumor seeding on an individual basis. Close surveillance, including imaging of the surgical pathway for potential tumor seeding, is critical in this population.
Conclusion
To our knowledge, there have been no case reports of surgical seeding following primary tumor resection with endoscopic endonasal techniques. In our patient, tumor resection was performed at different times via both an open transcervical as well as endoscopic endonasal approach, serving as a de facto case control. Tumor recurrence in this instance occurred at the site of previous open transcervical approach, whereas no tumor seeding was noted along the endonasal or transoral pathways. The endoscopic endonasal approach offers the advantage of a more direct/shorter surgical corridor, magnified visualization, and less violation of soft tissue surfaces where tumor implantation can occur.
